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ABSTRACT :

ackground: Green synthesis of nanoparticles is a cost effective andfieendly, inspiring researcher
towards biosynthesis of nanoparticles asiperior over chemical and physical methods. The present study was design:
Al O COAAT OUIOEAOGEO 1 &£ ODrifubGandtukibdl &xdattGE Rdudng and stailizihg
agent and its application in biological activitie$lethods:Ocimumsanctumleaf extract was used for the bieduction
of AgNO3 to silver and then further characterized by W\éible Spectroscop®ynamic Light Scattering (DLS) Analysis
Fourier transform infrared spectroscopy (FTR) andscanning electron microscopéSBV) techniquesSEMwas used for
AAOAOI ET ACEIT 1 &£ OEAPA8 O0AcuUl AGETT AT A 2A00AO0AQ0O0I
characterization. In vitro Antioxidant and antimicrobial was determined by using standard protocols. Cell viability wa:
performed by MTT assay against breast cancer cell lingesults: SEM analysis has confirmed synthesi€sgNPsas
spherical in shape. FTIR analysis revealed the possible involvement of gbyistituents in both silver of leaf extract.
DLS analysis exhilsd the average hydrodynamic size @sAgNPsas 24.3nmOsAgNPswere found to be effective
against pathogenic fungi and bacterial strains in comparison to tBEimum sanctumreafextract. MeanwhileOsAgNPs
also showed an enhanced antioxidant properties th®cimum sancturnleaf extract alone. FurtherOsAgNPswere
functionalised using PEG 8000 with a natural anticancer drug Resveratrol resultRg¥! C . 0siBo@ing significant
reduction when compare to native Resveratrol. This comparative study of native resveratrol and PEGylated resverat
on breast cancer cell lines (MDMB-231 and MCF) has revealed the application of nanoparticles in drug delivery
systans. Conclusion:Current study states tha.sanctumleaves as a promising reducing agent for kieduction of
AgNO3(Ag+ to AdP).Results have exhibited enhanced biological activities through which we can conclude gre
synthesis as a best and convenient imed.

Keywords: Silver nanoparticles, PE@cimum sanctumanti-bacterial, anti-cancer activity.
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Introduction:
Biological synthesis of Nanoparticles is an emerging trend due to its nontoxic effect and eco-friendly

by-products. Metal nanoparticles have several properties which includes catalytic activity, optical property,
electronic property, anti-bacterial property, and magnetic property (1-4). Biomolecules present in plants

Research Paper [JRAR- International Journal of Research and Analytical Reviews| 2211




[ VOLUME5 I ISSUE 4 [ OCT.- DEC. 2018] E ISSN 2348 -1269, PRINT ISSN 2349-5138

like alkaloids, flavonoids, saponins, steroids, tannins has the ability to act as both reducing and capping
agents (5). Studies have reported that the process of green synthesis is always extracellular and very short
over microbial synthesis (6, 7).

Silver nanoparticles (Ag NPs) have drawn tremendous attention in recent days due to its efficient
applications areas in the field medical (8), electronic (9), catalytic (10) and optical applications(11). Various
chemical and physical methods have been used for the synthesis of Ag NPs like chemical reduction(12, 13),
electrochemical (14), irradiation (15, 16) and thermal decomposition (17), as well as the green chemistry
route (18). In biological method bacteria (19) and fungus (20) were used in preparing Ag NPs, recently Plant
based Ag NPs synthesis drawn much attention due to its simple, rapid, non-toxic, dependable, reproducible
and can produce well-defined size under controlled conditions (21, 22).

Synthesized Ag NPs are stabilized to avoid aggregation using surface passivation agents like
surfactant molecules and polymers. Polyethylene glycol (PEG) is well known stabilizer used in synthesis of
Ag NPs (23) where its steric hindrance avoid aggregation of Ag NPs (24, 25). Surface
modification/functionalization of nanoparticle is a crucial step in facilitating Ag NPs application to medical,
biotechnology and translational research (26).

In this present study, we have used the leaf extract of Ocimum sanctum(O. sanctun for green
synthesis of AgNps. O. sanctumAl AOT i AOGEAhRh PDPAOATTEAT DBIAT O AT ii11]
laminaceae family. This plant is well known for its medicinal use and in Ayurveda for its various healing
properties from ancient times (27, 28) and used for the treatment of bronchitis, malaria, diarrhea,
dysentery, skin diseases, arthritis, painful eye diseases, chronic fever etc. (29). It shows anticancer,
antidiabetic, antimicrobial, hepatoprotective, cardioprotective, analgesic and diaphoretic actions etc., (30-
32). Major active constituents of tulasi includes, carvocrolursolic acid, rosmarinic acid, eugenol, oleic acid
etc.(33-35).

In this study, we adopted green synthesis of Ag NPs using leaf extract of O. sanctum using
optimized titration and temperature method. The surface of synthesized Ag NPs was stabilized using PEG
8000 and then factionalized by conjugating with standard neoplastic drug RESVERATROL for biological
applications. The synthesized AgNpsand drug Conjugated RSV C . Ow@r@ characterized using UVzvis
analysis, FTIR, DLS, SEM. Further their biological activity was assessed using anti-oxidant, anti-microbial
and anti-cancer assays.

Materials and methods:

Silver nitrate (AgNO3), PEG (Mw 8000) and Resveratrol was purchased from (Sigma Aldrich chemicals,
India). Ocimum sanctumleaves was collected from premises of Pondicherry University, India. All the
solutions were prepared using double distilled water. The reagents used in all the experiments are of
analytical grade and high purity.

Collection and Preparation of plant Extract:

Collected Osanctum leaves were washed thoroughly with double distilled water. Aqueous extract was
prepared by boiling 5g of leaves in 100 ml of deionized water at 30 °C for 30 minutes. The cooled solution
was filtered by using Whatman Filter Paper No.1 and stored at 4 °C for synthesis of silver nanoparticles.

Green synthesis of silver nanoparticles and purification:

For the reduction of silver nitrate AgNO3, 10 ml of aqueous extract is added to 30ml of silver nitrate solution
under continues agitation for 2 hours. The sample is left under room temperature for 12 hours where the

AT 11T 60 AEAT GCA &OTiI DPAITA UAITTITx O UAITTxEOE AOI
3UI OEAOEUAA 1 ¢. 08680 xAO DPOOEAEAA AU OADPAAOAA AAl OC
0O0OEAEAA 1 C. 060 xAO AEODPAOOAA ET OF AAETTEUAA xAQ
Functionalization of Os! C. 03 Oq,

Functionalization of ! C. Ower® carried out using stabilizer polyethylene glycol (PEG) followed by
conjugation with standard anti-cancer drug Resveratrol (RES). 3 mg/3ml of synthesized ! C. @ofufion was
agitated continuously by adding 60 ml of 0.5% PEG 8000 with speed of 150rpm at 50 °C. Following
Pegylation, conjugation was performed by adding three different concentrations (25ug ml-1,50ug ml! and

150 ug ml!) of resveratrol to 3ml of PEGylated solution each. The prepared solution is kept under
continuous stirring overnight in dark place at room temperature. Further incubation is followed by
purification by centrifuging the solution at 14000rpm for 1 hrs. The pellet is collected and vacuum dried for
characterization analysis.
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Characterization of Os! C. (PE® C. GrdRSV! C. 0 6 3

U.V-Vis spectroscopy () analysis was performed to confirm the synthesis of ! C . Gy@tBesis by O.sanctum
leaf extract, PEGylated! C. GRSV C . by tBeir changes in absorption peak due to Surface Plasmon
Resonance (SPR) at the range of 200-800nm.The hydrodynamic size of synthesized Os! C. 0 8 @ hC . M %'
and RSV C. 0weBe studied by the measurements took at 25°C using Dynamic Light Scattering (DLS)
analysis (). Morphological studies of ! C. QREG! C. 0afGd3RSV! C. Owas3done by using Scanning
Electron Microscope (JEOL 6360 TESCAN). The FTIR spectra of O.sanctumleaf extracth ! C ,REG!OC. 0 6
and RSVY! C. Ow@r@ recorded using KBR as reference by (Thermo Nicolet nexus 6700) spectrometer
ranging from 500-4000 cm-! at aresolution 4 cm-1.

Cell lines and culture conditions:

MCF-7, MBA-MB-231 and NIH 3T3 cells were obtained from NCCS, PUNE. Cells were grown in growth
medium supplemented with 10% FBS and 1% antibiotics (penicillinzstreptomycin) with 5% CO; and 37°c
temp.

MTT assay:

#UOT Ol EA DPOTI DPAOOGEAO 1REV QU iu@ BdkdsedIbl mploythg MBrq3-[4As- A
dimethylthiazol-2-yl] 2, 5-diphenyltetrazolium bromide) dye reduction assay. NIH 3T3, MCF-7 and MBA-
MB-231 cells (1 x 105/well) 1 were plated in 96 well plate. After 24hrs cell were treated with different
concentrations of | C. G@d@®SW! C. 0(@b3ug/ml, 50 ug/ml and 100 pg/ml) for 24, 48 and 72 hrs.
Following, contents in each well is carefully removed and then, MTT solution (5 mg/ml of MTT dissolved in
PBS) was added and incubated for 3 hours. Then, formazan crystals were dissolved using DMSO for 30mins
and absorbance was recorded at 570 nm in UV-VIS spectrophotometer. The % cell inhibition was
determined using following formula.

. Abs Control Abs sample
% cell Inhibition = Abs control x 100

The Inhibitory concentration required for 50% cytotoxicity (IC50) value was determined.

Statistical analysis:

Statistical analysis was carried out using Prism statistical software package. All results were expressed in
mean * SD of three individual experiments, employing Student T-Test analysis. Values p <0.05 was
considered as significant.

3.0. Result and Discussion:

3.1. Synthesis of OsAgNps PEG C. CandRSWV C. 06 3

In this present study we have used aqueous leaf extract of O.sanctum QOSaqgLE)as a reducing agent for the
synthesis of AgNO3 nanoparticles. We have added 10ml of prepared aqueous leaf extract of O. sanctumto
30ml 1mM of AgNO3 solution at room temperature and incubated for 12hrs. The formation of AgNpswere
confirmed from yellow to yellowish brown due to the reduction of silver nitrate solution to silver
nanoparticles(Figure 1A). This change in colour of solution occurs due to the Surface Plasmon Resonance
excitation (SPR) of AgQNP$36), the resulted SPR peak depends on the size and shape of nanoparticle(37).
Synthesized nanoparticles were PEGylated with 0.5% of PEG-8000 by adding 20ml to 3ml of 3mg silver
nanoparticle followed by the procedure above mentioned in methods. The resulted pellet of PEG-! C. 0 6
was further conjugated with an anticancer drug Resveratrol (RSV). The SPR peaks of resulted pellet after
Pegylation (PEG-! C. 063Qq AT A Al EOCADET xAPR3IAT Al UUAA-VISx E
spectroscopy.

3.3. Characterization of synthesized Os! C. 0 & 3!hC.0GMdRSV! C. 08 3

3.3.1 U.V-Vis spectroscopy analysis:

U.V zVis spectroscopy analysis were shown in figure 1. According to Mie theory, only a single SPR band is
expected in the absorption spectra of spherical nanoparticles. The results of synthesized Os! C. Ohés3
resulted a characteristic absorption peak at 450 nm confirming the synthesis of silver nanoparticles and the
time dependent U.V Vis spectrum recorded was shown in figure 1B & 1C,indicating the stability of NPs in
aqueous medium (Daizy Philip et al.,, 2011).The U.V-Vis spectra of PEG! C. QvAs3hown in figure1D,which
reveals that the synthesized nanoparticles has chemical interaction causing lower electron conductivity in
the outermost atomic layer, resulting the red-shifts (Mandal A. et al., 2012).Followed by the Pegylation, the
conjugation of anti-cancer drug resveratrol to functionalized nanoparticles has shown in figure1Dwith shift
and decrease in absorption intensity which attributes to decrease in distance between the particles due to
the result of binding(38).
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spectroscopy of AgN03,0.sanctum leaf extract, Os! C. (Bj,Bme dependant analysisof Os! C. qGJ,Red
shift of the SPR peak for PEG! C. Qi ®SW C. 06 3 8

3.3.2 FTIR studies:
In present study, to analyze and identify the major functional groups responsible for formation,
functionalization and conjugation of | C. Ow@ Bave acquired the FTIR spectra of O. sanctum leaf extract,

Os! C. PPEG! C. GRSV C. GHowdn in Figure 2.The IR spectra of Os! C. (Grdvéled the peaks
related to functional group which are accountable to stretchlng vibrations of hydroxyl groups (3000 23300
Al MpC[h #(¢ AT A #(o ﬁE@JITWlO‘lEIAIAH’IpCQ‘lOI#OID#O ¢ Q iy GeBodatid O
AT T bT O01 A0 AT A AAOAT Ul EA AAEAO OAOPAAOGEOATI U jpocc
(1400zpvuvm Al MpQgh CAOI gdAto | RiOMA] 61 A pA@EAGROZE fimttibnAlC A C
groups (1000zp p 'l Al Mp Q ET [/ &tsfadrh(FOPThé barld AtA3EB ch @ Gx®ibuted tozCz0
stretching mode(40).The bands at 1634 and 1610cm-1 may result from the zC%4Cz stretching
vibration(41).The bands at 1017 and 1027cm-1 can be assigned as absorption peaks 0fzCz0zC(42). The IR
spectra of PEG! C. (hds Bevealed the bands of CZ0 stretchlng mode which were merged in a very broad
envelope centered | 1 pcoy AT A prnmy Z@ ICN)QC stﬁe@l‘:’e@EdlC@z%@lﬂslmbr#tlons
of Ag NPs in PEG. Also, the aliphatic Cz( OOOAOGAEET Cch EI PpTpo AfHhenging T 1
vibrations (Mandal A. et al., 2012). Absence of O. sanctum AgNPs characteristic peaks indicate the removal
of those functional groups by repeated washes prior to PEGylation. The broad peaks in 503, 407 and 291
A1 Mape related to Ag NPs banding with oxygen from hydroxyl groups of PEG chains. Therefore, the FT-IR
spectra showed the existence of van der Waals interactions between the chain of PEG and AgNPs in the
polymerlc media (Karakotla etal, 2012). The IR spectra of resveratrol was shown in Figure 2with the peaks
AO ocou AT A pningto thehydPogyl sthef@lini Ghration and aromatic double-bond stretching
vibration. The, C-O stretching, and C-C bending, C-H bending vibrations of the benzene ring in the fingerprint
region around 1350z p Tt T Aohfivhgs the process of drug conjugation.
3.3.3 DLS:
The size of the AgNPs were accessed by employing Dynamic light scattering method, where the size is
measured by means of hydrodynamic radius(43). The average hydrodynamic size of Os! C. 0 & 3!'hC .00%' 3
and RSV! C. Ow@r8 shown in figure 2F.The result of DLS indicates that the size of silver nanoparticles
were 24.3nm with Poly Dispersity Index (PDI) of 0.390 .whereas the size of Os-! C. 0863 EAO EI
32.6nm with PDI value 0.452 after Pegylation. Furthermore an increase in size to 43.8nm with PDI of 0.346
was observed upon conjugation with Resveratrol. An increase in size indicates successful conjugation of
drug to silver nanoparticles and the PDI value < 1 indicates the particles are polydispersed without
agglomeration.

2241 | IJRAR- International Journal of Research and Analytical Reviews Research Paper




[VOLUMES5 I ISSUE 4 1 OCT. - DEC. 2018] e ISSN 2348 -1269, Print ISSN 2349-5138

15 1.01
1.00 -} ~ SFSESE
i N— ~ AN~ \/\'\/\/\/U
@ (212
& < 0.99 Yo
= ® (1080)
“;’ 0.5 g
S & o0.98
£ E
£ oo =
E 2 0.97
g £
=
s E o0s] e ann
= -S (3387)
0.95
-1.0 (1567) @647
T T T T T T T T 0:94;
4500 4000 3500 3000 2500 2000 1500 1000 500 4500 4000 3500 3000 2500 2000 1500 1000 500
‘Wavenumber (cm') Wavenumber (cm™)
1.1 1.002
= [ mrsvenarnor]
1.000- P,
/ eI
e\e § 0.998 l
~ 0.9 - (2440) (623)) = I
P = 0.996 -} ‘
S
£ H]
= B
= 0.2 = 0.994 ‘"‘)
£ 'E 0.992
Z o7 z mss,
=
= (1260) E 0:990
€] 0.988
0.5 4 0.986 - (2224) «“278)
(1107)
0.984
0.4
(2804)
T T T T T T T T 0.982 T T T T T
4500 4000 3500 3000 2500 2000 1500 1000 500 4500 4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm-1) Wavenumber (em™)
—AgNP ——PEG-AgNP —RSV-PEG-AgNP
40
S 3
Pt
< 30
g 2
£ el
= H
g 5
E’ z o
= H
= S1s
B H
10
s
-6 - (1567) °
o 10 20 30 40 50 60 70 80 %

T T T T T T T T
4500 4000 3500 3000 2500 2000 1500 1000 500 Size (d.nm)

Wavenumber (cm-")

Figure 2:FTIR spectral analysis of O.sanctum leaf extract (A),Synthesised0s-! C. 083 ET AEAAOQE
of plant biological compounds during reduction (B), Spectra of PEG (C),Spectra of Resveratrol
(D),Resveratrol conjugated Silver nanoparticles RSV-! C . (H, BLS anlaysis showing an increase in size of
C. 083 AAOCAO DACUBAGEAT A AOHC Al 1 ERSGAQEN@3 x EOF

3.3.4. SEM:
The morphological studies were analyzed by SEM.The SEM micrograph images of Os! C. 0 & 3!hC . 00%'
and RSVAgNRS ®ere shown in Figure 3.The micrograph image in Figure 3A shows a uniform distribution of
sphericalOs! C . OTheJarger size of AgNPs is due to the aggregation of smaller NPs. In Figure 3B the PEG

C . Owérdobserved to be well separated without agglomeration due to surface coating of Poly Ethylene
Glycol and diminishing the high surface energy resulting non-aggregated distinct particles (Karakotia et al.,
2012). The morphology of drug conjugated nanoparticles observed in Figure 3C

(A) B) ©

wiwm G VIT
Wt R TR —

Figure 3: SEM analysisof Os-! C. 063 - CQ66 %' RSV-Q&. &8 A
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3.6 Anti- cancer activity:

In-vitro cytotoxicity activity of OsaqLE Os! C. 0 & 3!hC.008643RSWV! C. OagaBist non-cancerous
(HEK-293) and cancerous cell lines (MCF-7 and MDA-MB-231 cells) were assessed using MTT colorimetric
assay at 48h incubation. Results of MTT assay were showed in Figure 4. Untreated cells were considered as
control. In agreement with other studies(44-46), our synthesized nanoparticles showed significant
cytotoxicity activity compared to untreated population. OsagLEhas shown minimal cytotoxic effect towards
HEK-293 cells and as well as MCF-7 and MDA-MB-231 cells as Os! C. 0 & 3!hC.0886' BSV! C. 06 3
Interestingly synthesizedOs! C . (ha hown minimal cytotoxic effect against non-cancerous cell line HEK-

293 cells line. However, the anti-cancer effect of Os! C . Osfhigh towards MCF-7 and MDA-MB-231 cells in

a dose-dependent manner. Whereas PEG! C . Ghas Shown similar trend like Os! C. OFas@rtingly the
cytotoxic effect of RSV C . Qs@ighnificantly high in cancerous cells when comparedtoOs! C. 063 -AT A
I C. PimdiRating that resveratrol conjugated nanoparticles have increased the efficiency of nanoparticles
to target cancer cell by slow release of drug inside the cell(47). The calculated IC50 values of Os! C. 0O
against MCF-7 and MDA-MB-231 is 32.86 pg/ml and 26.23pg/ml respectively and for PEG! C. O
29.47ug/ml and 21.47 pg/ml against MCF-7 and MBA-MB-231 cells. Whereas the RSV! C . 0 I&s3 values
are 17.60pg/ml and 15.39 pg/ml against to MCF-7 and MDA-MB-231 respectively. The plant extract alone
has showed minimal cytotoxicity activity when compared to synthesized nanoparticles. The cytotoxicity of
Os! C. 06 3!NC.0QUARSVY! C. & &dre towards MDA-MB-231cells than MCF-7 cells. This increase
ET AUOI Ol gEAEOU 1 &£ OUI OEAOEUAA .60 1 Au AA AOA
cells(48).
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Figure 4: Dose dependant in-vitro Cytotoxicity assay of O.sanctum leaf extact, Os-! C. 0 6 31hC.00%8 3 A
RSV-! C. wrdn-cancerous cell lines HEK-293 (A), breast cancer cell lines MCF-7 (B), and MDA-MB 231
(©).

Conclusion:
In conclusion, the present study shows promising reducing property of O.sanctum leavesbio-reduction of
AgNO3 (Ag* to AgP®). An eco-friendly and fast facile synthesis of Os! C . Obp G.sanctum leaf extract is
established. Further surface modification is done to conjugate with standard drug resveratrol.
Characterization studies were performed for synthesized, Os! C. 0 6 3!hC . 06 RSV! C. 00Gr3MTT
assayrevealed significant anti-cancer effect of RSV¥! C. @w®&a?ds MCF-7 and MDA-MB-231 cells than Os
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I C. 6nd BEG! C. Ol®s8m, our study have increased the anti-cancer efficiency of resveratrol with the
help of AgNPs delivery into cells.
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